The linear specification of the ideal monetary policy reaction function has been questioned in recent times by researchers. They have suggested a nonlinear framework where central banks exhibit asymmetric behaviours. Despite the important policy implications of having asymmetric central bank preferences, studies have been on single-country basis focusing almost entirely on advanced economies. The aim of this study is to check the existence of asymmetric preferences on the part of central banks in the context of a panel of countries and not just a single country. The study derives and estimates a nonlinear flexible optimal monetary policy rule, which permits zone-like as well as asymmetric behaviours using panel data from a range of countries both developed and less developed. Although the findings indicate the presence of asymmetric preferences on the output gap across less developed countries, generally, the evidence is in favour of a linear policy reaction function and symmetric central bank preferences. These findings mean that monetary policy is characterised by a linear policy rule and symmetric central bank preferences. The results also indicate that interest rate "smoothing" reaction by monetary authorities is more pronounced in less developed countries than in developed ones.
I. Introduction
Most Central Banks around the world are conducting monetary policy on the basis of inflation targeting. In such a framework, point targets or range targets for the inflation rate are announced to the public with the expectation of achieving long-run stable and low inflation. Examples of countries pursuing inflation targeting monetary policy are Australia, Canada, the Czech Republic, Sweden, New Zealand and the United Kingdom. Inflation targeting monetary policy is conducted using two alternative methods. Some central banks conduct monetary policy around a point target, while others aim at having inflation within a range. The Taylor rule and its extensions are the most widely used models to study the objectives of policy makers. In these models interest rates are considered linearly related to inflation and output gaps. It is assumed that there is a quadratic loss function for policymakers and the economy is characterised by a linear Phillips curve. In recent times, researchers have interrogated the linearity of the policy rule and have proposed a nonlinear form where central banks might show zone-like and asymmetric behaviours by reacting more vigorously to inflation when it is outside the target range than when it is within, and thereby alloting different weights to positive and negative deviations of inflation and output from their target values. Hence, this study investigates asymmetric central bank preferences.
There is an emerging literature which adopts the asymmetric preference specification as opposed to the quadratic preference one (Nobay & Peel, 2003; Dolado, Maria-Dolores, & Ruge-Murcia, 2004; Karagedik & Lees, 2006; Surico, 2007; Cukierman & Muscatell, 2008) . With symmetric preferences the monetary authorities place equal weights on positive and negative deviations of inflation and output from their target values. Asymmetric preferences mean the central bank assigns different weights to downwards and upwards deviations of inflation and output from their expected values. In reality, it is more likely that policymakers will be more averse towards inflation than deflation. The result of having an asymmetric loss function is a nonlinear monetary policy reaction function.
quadratic loss function and a linear Phillips curve. However, questions have been raised recently about the two assumptions behind linearity in the literature. For example, Dolado, María-Dolores, and Naveria (2004) , Qifa, Xufeng, Cuixia, and Xue (2015) , Kumar and Orrenius (2016) investigate the issue about a nonlinear Phillips curve whereas Nobay and Peel (2003) and Ruge-Murciá (2003) , and others, examine the assumption of a quadratic loss function. More recently, Komlan (2013) , Santoro, Petrella, Pfajfar, and Gaffeo (2014), Anna Sznajderska (2014) , Akdoğan (2015) and Rodrigo de Sáand Marcelo (2015) examine central banks asymmetric preferences. Orphanides and Wieland (2000) derive optimal reaction functions based on the assumption of nonlinearity. A zone-linear type of Phillips curve is allowed whereby inflation is stable over a range of output gaps but changes outside this range. Boinet and Martin (2008) estimate a monetary policy model which permits a zone-like and asymmetric behaviour. Their results show that interest rates are not reactive as inflation approaches the target but the response becomes more and more vigorous as inflation moves away further from the target. Other studies that find empirical support for the existence of nonlinearity in monetary policy reaction functions are Bec, Salem, and Collard (2002) , Martin and Milas (2004) and Kim, Osborn and Sensier (2005) .
The main objective of this paper is to check the existence of asymmetric central bank preferences in the context of a panel of countries and not just a single country. Most of the studies about the asymmetric preferences and nonlinear monetary policy rule of the central bank have been single-country studies which focus mainly on developed countries. This study derives and estimates a nonlinear flexible optimal monetary policy rule which allows for both zone-like and asymmetric behaviours using panel data from a range of countries. The contribution of this study is therefore to provide evidence in support of or against asymmetric preferences, and nonlinear policy reaction functions of central banks across a variety of countries -both developed and less-developed and thus bridge the obvious gaps in the literature.
The rest of the study proceeds as follows. Section 2 presents the model and discusses the econometric methodology. The results of parameter estimates and tests of hypothesis are reported in Section 3. Finally, Section 4 ends the study with summary and conclusions.
The Model and Econometric Testing
The problem that is faced by the policymaker is to make a choice of the interest rate each period so as to minimise an intertemporal loss function with the IS and Phillips curves as constraints. Hence, the monetary policy reaction function is derived by solving this intertemporal optimisation problem.
The Structure of the Economy
Following Clarida et al (1999) the economy can be represented by the following equations of the New Keynesian Phillips curve and the aggregate supply curve.
(1) (2) where π t is the rate of inflation and y t is the output gap. E t π t+1 and E t y t+1 are the expected values for inflation and for the output gap conditional on the information available at t, i t denotes the nominal rate of interest, u t and e t represent a cost shock and a demand shock respectively. Finally, β, k and σ are positive constants.
The Monetary Authorities Asymmetric Preferences
The problem that confronts the monetary authority is to make a choice of the interest rate at the commencement of the period t based on the available information at the end of the previous period. The central bank makes an effort to choose the current interest rate i t and a series of future interest rates so as to minimise: (3) subject to equations (1) and (2), where δ is the fixed discount factor. Following Surico (2007) the period loss function at time t, L t , is specified by the linear exponential function: (4) ijef.ccsenet.org International Journal of Economics and Finance Vol. 10, No. 4; 2018 where λ is the relative weight on the output gap, which is denoted by y, and μ is the relative weight on the stabilization of the interest rate. π* represents the inflation rate target. α and γ are parameters which capture any asymmetry in the central bank objective function. It is assumed that the monetary authority stabilises inflation around the constant inflation target, π*, keeps the output gap near to zero and stabilises the nominal interest rate around its target, i*. A negative value of γ means the central bank prefers positive deviations of output to negative deviations. It can be seen that an output level less than the potential (y t < 0) makes the exponential component of the loss function more than the linear component, the converse is true for an output level exceeding the potential (y t > 0). The same reasoning applies to the coefficient α. A negative value of α means the monetary authorities prefer positive deviations to negative deviations of inflation from target. However, if the central bank considers low inflation relative to the target to be more desirable than high inflation relative to the target, the value of of α would be positive. In Figure 1 , a comparison is made betweeen the standard quadratic with the linex function for both the inflation (see panel a) and the output (see panel b) objective. The linex function above is specified in such a way that it incorporates the quadratic form as a special case. If the L"Hȏ pital"s rule is applied twice on (4), it can be shown that when both α and γ tend to zero, L t reduces to the symmetric parametrization ½[(π t -π*) 2 + λy The first order condition reads (5) and it describes implicitly the nonlinear response of the central bank to the changes in the economy. Equation (5) incorporates the linear form as a special case and using the L"Hȏpital"s rule it can be shown that when both α and γ tend to zero the reaction function reduces to an implicit interest rate rule of the type suggested by Taylor (1993) . (6) ijef.ccsenet.org International Journal of Economics and Finance Vol. 10, No. 4; 2018 The hypothesis of symmetric central bank preferences can be tested by simply testing whether the structural parameters α and γ of the interest rate reaction function are significantly different from zero.
Econometric Testing for Symmetric Preferences
To achieve the objectives of the study, the nonlinear reaction function (5) is estimated to assess if the parameters α and γ are significantly different from zero. However, as Surico (2007) points out, the testing and estimation procedure appears complex because the null hypothesis does not restrict some essential parameters and so no deduction can be made any time the null hypothesis is true. The inflation and output gap terms in equation (5) become indeterminate when α and γ are equal to zero. This implies that the null hypothesis of symmetric preferences does not restrict the complexities of parameters kσ/μ and λσ/μ. It is impossible to estimate the coefficients k, σ, λ and μ separately using either the nonlinear specification (5) when α and γ are not equal to zero or the linear form (6) when α and γ are equal to zero. However, it is only possible to estimate the ratios kσ/μ and λσ/μ. It is no longer possible to estimate the ratios on adoption of the nonlinear equation (5) when α and γ are in fact equal to zero. This is because the inflation and the output gap terms in Equation (5) are not defined at α=γ=0. Furthermore, Surico (2007) states that when the null hypothesis is valid, the estimation criterion is unaffected by the values of the inflation target, which is therefore an unidentified nuisance parameter.
To address these problems, the suggestion by Luukkonen, Saikkonen and Terasvirta (1988) is followed and the exponential terms in (5) are linearlised using a first-order Taylor series expansion. The resulting expression is then solved for i t . Before the estimation, expectations are replaced with actual values and a lagged dependent variable capturing interest rate smoothing is introduced. Hence the following policy rule is used for the empirical analysis. (7) is equivalent to testing the Hypothesis H 0 : α = γ = 0 in (5). The null of a linear reaction function is equivalent to the null of symmetric preferences and the test statistics, which is a χ 2 distribution, can be assessed through a standard Wald test. Equation (7) is estimated using the Panel Generalised Methods of Moments (GMM) because of the endogeneity problem of regressors. The Ordinary Least Squares (OLS) estimates will be biased if the regressors are not exogenous. Following Newey and West (1987) the Panel GMM estimations are made with a Newey-West standard error correction for heteroscedasticity and autocorrelation (HAC) of unknown form. The set of instruments included are a constant, the second, third and fourth lag of inflation and the second and third lag of the output gap. With more instruments than parameters to estimate the J-statistics is used to test the validity of over-identifying restrictions.
Empirical Results
The test results as well as the estimates of the policy reaction function (7) are reported in this section. The analysis is carried out using quarterly data from six countries over the period 2002:1-2015:4. The data is obtained from the International Financial Statistics of the International Monetary Fund. However, the data for real GDP is annual GDP data at constant 2005 US$, obtained from World Bank Development Indicators and converted to quarterly series in Eviews, using the constant-match average method. The output gap is constructed as the ratio of cycle output to trend output. The cycle and trend output estimates are obtained using the Hodrick-Prescott (HP) filter on the output data. The policy rate is used as a single rate to represent all interest rates. This is based on the assumption that all interest rates move with the policy rate. The core measure of inflation is calculated from the consumer price index as 100x (CPI t -CPI t-1 )/CPI t-1 , where CPI t is the consumer price index for the period t. To check for the robustness of the baseline results, I also report the results for two alternative measures of inflation, namely the consumer price index inflation and the producer price index inflation. Table 1 reports the GMM estimates of Equation (7). The parameter c 4 is not significant in all cases and has the expected negative sign for the less developed countries sample and the full sample. This implies the squared output gap does not exert a significant influence in controlling inflation. The negative coefficient on the squared output gap, c 4 , means the interest rate easing which accompanies reductions in output are larger than the tightening needed by output expansions of the same size, which is consistent with an asymmetric objective on the output gap.
Baseline Estimates
ijef.ccsenet.org International Journal of Economics and Finance Vol. 10, No. 4; 2018 The parameter c 3 attached to the squared inflation, is also not statistically significant. This result implies that the hypothesis of a linear interest rate response to inflation is not rejected. The last but one row reports the p-values for the hypothesis of valid over-identifying restrictions. The results of the J test indicate that the over-identifying restrictions cannot be rejected at a significance level of 10%. The coefficient of the lagged interest rate variable is significant for the less developed countries sample and the full sample but not significant for the developed countries sample. This implies interest rate "smoothing" reaction by the monetary authorities in less developed countries is higher than in developed economies. Note. W(n) is the Wald test for n parameter restrictions, which is distributed as χ 2 (n) under the joint null hypothesis c4=c5=0. The latter corresponds to the original null of symmetric central bank preferences, α=γ=0. The joint null is rejected at the 1% significant level whenever W(2) > 9.210 and at the 5% level whenever W(2) > 5.991.
Robustness Analysis
The robustness of the results is assessed to other measures of inflation. Table 3 reports the estimates obtained with GMM using the consumer price index as a measure of inflation. The results are analogous to the baseline results presented in Table 1 . Again the parameter c 4 is not significant in all cases but has the expected negative sign for developed countries and the full sample instead of less developed countries and the full sample as found in Table 1 . The parameter c 3 is also not statistically significant for all cases except for the full sample where it is significant at the 10% level. Regarding the lagged interest rate variable, the results are consistent with the previous findings that it is significant for less developed countries and the full sample, but not significant for developed countries. The results of the J test still indicate that the over-identifying restrictions cannot be rejected ijef.ccsenet.org
International Journal of Economics and Finance Vol. 10, No. 4; 2018 at a 10% level of significance. Again, as shown in Table 2 the null hypothesis of a linear reaction function, which corresponds to the joint null of symmetric central bank preferences, is not rejected since the Wald statistics are less than the relevant critical values.
Equation (7) is re-estimated using the producer price index as a measure of inflation. The results are shown in Table 4 and they are quite consistent with the previous ones. Once again the parameter c 4 is not significant in all cases, however, it has the expected negative sign for all cases. The parameter c 3 is also not statistically significant for all cases. Again, with respect to the lagged interest rate variable, the results are consistent with the previous ones implying that the incidence of interest rate "smoothing" reaction by monetary authorities in less developed countries is very high. As shown by the previous results, the J tests still indicate that the over-identifying restrictions cannot be rejected at a 10% level of significance. As shown in Table 2 , the joint null hypothesis of symmetric central bank preferences is again not rejected, which is consistent with the previous results. Despite the important policy implications of having asymmetric central bank preferences studies have been on single-country basis focusing almost entirely on advanced economies. In contrast, this study examines the issue of asymmetric central bank preferences using panel data across a variety of countries both developed and less-developed.
Even though the findings indicate the presence of asymmetric preferences on output gap across less developed countries, generally, the evidence is in favour of a linear policy reaction function and symmetric central bank preferences. Accordingly, monetary policy is characterised by a linear policy rule and symmetric central bank preferences. Central banks attach equal weights to positive and negative deviations of inflation and output from their target values. The results also indicate that interest rate "smoothing" reaction by monetary authorities is more pronounced in less developed countries than in developed economies. These findings are robust across alternative measures of inflation.
The results imply that central banks adopt point targeting monetary policy. Conducting monetary policy around a point target means a higher volatility in inflation. With zone targeting inflation will be less volatile. This is because private sector decisions are based on their expectations about the activities of the central bank.
Operating within a target zone reduces the effect of current shocks on expectations, because the private agents believe the central bank will only react to further shocks if the macroeconomic variables move outside the target zone. With more favourable inflation expectations, there will be a further decline in the volatility of inflation as the central bank"s response to shocks within the target zone will be less.
When supply shocks occur, a central bank behaving in a discretionary manner within a band will act optimally by adjusting inflation in the direction of the shock so that there is not much variation in output. This is hardly possible if the central bank is committed to a pre-specified rate of inflation with no room for variation. Therefore, by adopting a linear rule the central bank may not be behaving optimally. Finally, the fact that interest rate smoothing is more pronounced in less developed countries means that these countries exercise enough caution in their interest rate adjustments to avoid economic shocks. It is recommended that future studies should increase the sample size by including more countries both developed and less-developed.
